Abstract
INTRODUCTION
Many instructors, including those in engineering colleges, undoubtedly share the author's experience of having evaluated hundreds or even thousands of essaytype responses as part of the evaluation and instructional processes. This can be a very time-consuming task! When required for purely evaluative reasons (e.g. term assignments or final examinations when time is already scarce), time efficiency may be the greatest motivation for this investigation. During the term, timely feedback to students can also create "schedule challenges" which could also benefit from a more efficient way to evaluate student work.
Undoubtedly most experienced instructors have, like the author, read only the opening paragraphs or a few seconds of an essay response and already have a "sense" of what the grade will be, at least approximately. The subconscious mind is known to process information and draw conclusions much more rapidly than our conscious, analytical mind can [1] .
In his book "Blink", Malcolm Gladwell discusses the power of expert intuition as well as how easily it can be led astray. He also acknowledges that it takes experience to "train" our intuition [4] . Klein and Kahneman mutually concluded, the requisite conditions for acquiring intuitive skill are "an environment that is sufficiently regular to be predictable" and "an opportunity to learn these regularities through prolonged practice" [1] . A general course offered every term to approximately 300 students could certainly provide such an environment and opportunity. The premise behind this investigation is that "The mind operates most efficiently by relegating a good deal of high-level, sophisticated thinking to the unconscious…" [2] , and that this can be exploited to reduce the time used to evaluate students' written responses.
Nalini Ambady and Robert Rosenthal concluded that college students could arrive at essentially the same rating for an instructor based on a few second of non-verbal video as those who had a semester of in-class exposure to the same instructor [3] . The objective of this investigation was to determine whether, and to what degree, the reverse is true: "Can an instructor determine the quality of an assignment submission based on a very brief inspection of a written report?" On expert intuition, Herbert Simon states: "The situation has provided a cue; this cue has given the expert access to information stored in memory, and the information provides the answer. Intuition is nothing more and nothing less than recognition." [5] .
THE RESEARCH QUESTION
In the language of engineering design, the main objective of this research focus is to improve the efficiency of the evaluative process while maintaining acceptable accuracy of grading results. The primary function of any solution is to grade (evaluate) essay-style submissions. Other alternative solutions may be considered to achieve this end such as automated systems or peer evaluations, but the focus of this investigation is to assess the feasibility of using experience and intuitive knowledge to achieve this goal. Thus the question to be answered through this investigation was "Can intuitive skill be used to improve the efficiency of evaluating essay-type responses while maintaining acceptable accuracy?"
EXPERIMENTAL DESIGN
The design of this experiment involved three main elements: selection of a suitable test assignment, an evaluation plan that would provide both analytical and intuitive results, and a strategy to analyze the data and answer the research question. The sub-sections below provide details for each of these elements.
Assignment Selection
The key parameters considered in selection of a "suitable assignment" were:
• availability -does the investigator have access to the assignment, and can it be used for this purpose? • quantity -is a sufficient quantity available so the results could have statistical significance? • experience -does the evaluator have sufficient familiarity and experience with the subject matter to qualify as an "expert"? • size -is the assignment submission large enough that "speed marking" would be advantageous, yet small enough to allow for multiple passes in the time available? The principle investigator had first-hand access to three potential assignments. Their key attributes are summarized in . The assignment represented as #2 was selected, with available quantity and the investigator's previous experience with this assignment over the previous 16 years heavily influencing the selection. The assignment rubric is included in App. A.
Evaluation Plan
In order to meet the study objectives and provide grade data, the following evaluation strategy was followed:
• first pass (quick): o review the rubric and assignment objectives and expectations prior to evaluation;
o "speed mark" the assignment submissions by scanning or "speed-reading" only until an intuitive sense of a grade is reached; o record the grade and proceed.
• second pass (analytical):
o set-up a rubric grid to assess individual components of each submission; o consciously analyze the submission against each assessment category and record marks; o review result and proceed.
The strategy of performing the "quick" pass prior to the "analytical" evaluation was to mitigate the effect of familiarization that would occur if the longer analysis was done first. To further minimize the possible effects of familiarity (memory), approximately two weeks were allowed to pass between the evaluations. In addition to the principle investigator, a junior colleague also evaluated all submissions against the rubric, although not thoroughly. A comparison of these results are included in the analysis.
Analysis Plan
The final component of the experimental set-up is a plan to analyze the data generated in relation to the research question.
The raw data resulting from the evaluation outlined in sub-section 3.2 consists of three sets of final scores for 114 separate assignment submissions. The data was prepared for analysis by:
• calculating the z-score for each grade • standardizing the range of each score set to approximately equal values • determining the correlation between the scores • determining the grade error that would result from "speed marking" versus the traditional analytical approach. The z-score for each was determined using the formula:
where X is the population mean, n i is an individual score, and σ is the standard deviation of the data set. Z-scores were converted to percentage grades (i.e. max = 100) by using the inverse formula:
where the mean and standard deviation were adjusted to provide an approximately equal range of grades for each method.
No adjustments were made to force the distribution to conform to a standard Normal distribution, although a visual inspection of a histogram of the data revealed an approximately Normal distribution, leading to the assumption that any variation from Normal would not Dalhousie University; June 19 -22, 2016 -3 of 5 -significantly affect the correlation. Table 2 shows the statistics for the adjusted datasets where the 'Analytical' column represents the scores obtained with a detailed, analytical evaluation, 'Quick Senior' the intuitive evaluation by the principle investigator, and 'Quick Junior' that of the junior colleague. The 'set StDv' and 'set Avg' rows show the values used to convert the z-scores for each set to the percentage scores used in the subsequent analysis. The resulting dataset values were used in the correlation analysis which is described in section 4. RESULTS.
RESULTS

Correlation
The correlation coefficients between the three pairs of datasets, adjusted to have approximately the same minimum and maximum, were determined using the Pearson product moment correlation coefficient (PMCC) Table 3 summarizes the correlation between the analytical results and those obtained by "speed marking" (based on intuitive assessment). Limiting observations to the 'Quick_Senior versus Analytical' and 'Quick_Junior versus Analytical' comparisons, it is noted that the R standard error is very low, the t statistic is high compared to R, and the p-value is very, very low leading to a sound rejection of the null hypothesis. In aggregate, these indicators give a high degree of confidence that there is a statistically significant correlation between the datasets. The correlation coefficient of 0.47 (or 0.46) indicates a moderate positive correlation between the 'Analytical' assessment and the "speed marking" assessments [6] . However, the correlation coefficient alone does not give sufficient indication of the practical implications of "speed marking" from an evaluative or a student's perspective. To further analyze these data, the absolute value of the difference in percentage grade (i.e. out of 100) for the 'Analytical' versus 'speedmarking' grade was plotted in a histogram ( Figure 1) . The associated numerical data is shown in Table 4 . Making the assumption that the 'Analytical' evaluation is accurate, this result would show that 77% (88 grades) would be, on average, within one letter-grade of their "true" value. However, the remaining 23% (26 grades) would be in error by more than 10 points with one being approximately 25% in error.
Time Savings
It is a simple exercise to analyze the time savings for the "speedmarking" methodology. Table 5 shows the average time recorded for evaluation for each method as well as the time savings estimated for the 114 assignment submissions used in this investigation. 
CONCLUSIONS
To properly frame any conclusions from this experiment and analysis, reconsider the original question: "Can intuitive skill be used to improve the efficiency of evaluating essay-type responses while maintaining acceptable accuracy?".
Addressing the simpler question first, yes, there is undoubtedly an improvement in time efficiency -the mathematics is simple and clear: if one spends one quarter the time on a given evaluation task, one can provide four times as much formative feedback for students or at least make more time available for other pedagogical needs. In a practical sense, however, the advantage is less compelling. Although the "burden" of marking for purely evaluative or ranking purposes can seem intrusive at times, its share of the institutional or even one's personal budget is relatively insignificant in the larger picture. This certainly does not mean that any efficiency should be sought after, provided the side effects are absorbable.
The second part of this question "…while maintaining acceptable accuracy…" is more complex and more challenging to answer with confidence. Based on the results of this experiment and analysis, the answer is clearly "no". Most would agree that having one quarter of students receiving a result that is more than ten grade points off would generally be unacceptable. Obviously one could not ignore a ten point error on any other examination, so it seems equally unacceptable even if the subject material is somewhat subjective.
However, this "inaccuracy" is based on the default assumption is that the analytical approach will produce a more accurate result in grading, but there is some evidence that where the decision requires consideration of a large number of factors, the intuitive method may actually produce a more accurate result. In addition to Ambady and Rosenthal's work, Gottman and more recently Carrère, Dijksterhuis and even Sigmund Freud have suggested that engaging our subconscious mind can provide more accurate results in some circumstances [4] . There is also some evidence that the accuracy of "quick assessments" can be improved through training [7] . Based on this literature, the concept may deserve further investigation.
FUTURE WORK
The results of this experiment have suggested there is an opportunity for further investigation to determine if and how intuitive techniques can be exploited to improve on current common evaluative methodologies.
One key area to explore is the development of a framework or test that can provide an acceptable standard method of determining an accurate evaluation for partially subjective material.
The comparison of the two evaluators in this experiment (R = 0.29) suggests that there is often a difference between instructors, and it would be presumptuous to assume that the "experienced" evaluator is more accurate. Options to consider in this area may include: an exhaustive and exceptionally detailed rubric, an outcome-based assessment that doesn't include a written response, and multiple evaluations (either by different evaluators or the same evaluator over a broader timeframe).
Another avenue of investigation may be to identify "cues" that trigger intuitive decision making and evaluate them to use as conscious indicators, or use them to improve intuitive skills through training.
Should subsequent investigations conclude there is a viable use for intuitive techniques, the effects of varying the time spent evaluating could be explored.
